ABSTRACT. In this study, we demonstrated growth curves and reference values for hematological and serum biochemical parameters of Microminipigs, the world smallest experimental minipigs. In both male and female animals, the body weights (BWs) at 3 and 6 months of age were <5 kg and <10 kg, respectively, and growth curve revealed almost plateau (approximately 20 kg BW) after 18 months of age. Major hematological and serum biochemical parameters showed no gender differences and the values were very similar to those in Göttingen and Yukatan minipigs. The values obtained in this study can serve as fundamental reference, and thereby facilitate the use of Microminipig in life science research.
Swine have been used extensively in biomedical research with a significant increase in recent decades, more than 60,000 pigs having been used in a year in the EU [1, 11] . Because of their physiological and anatomical similarities to humans [5] , swine are becoming increasingly attractive animal models in toxicological and pharmacological research. Recently, minipigs defined that they are smaller than domestic swine and their body weight (BW) is <100 kg, have been developed including the strains of Göttingen, Yucatan, Sinclair, Clawn, and others [2, 9, 14] . However, most minipigs are difficult to manage due to their large size, e.g. the Göttingen minipigs of adult are 30-40 kg in BW under conditions of restricted diet [11, 12] . Microminipig (brand name; registered with the Japanese Ministry of Agriculture, Forestry and Fisheries as a novel variety of swine; Fuji Micra Inc., Shizuoka, Japan) has been emerged as a possible experimental animal model for non-clinical pharmacological/toxicological use [4, 8, 10] . The BW of young mature Microminipig is <10 kg, enabling easy handling [5, 7, 13] . The "Eve" of Microminipig (a female minipig named "Catherin") was born by the mating of Pot-bellied pig and another type of minipig [4] . The feature of Microminipig (about a half of body weight of general minipigs) is inherited at the sixth generation. The breeder produces hybrids between six strains of Microminipigs, which correspond to from third to sixth generation. Animals which analyzed in this study were randomly selected from population of hybrids by age. The aim of this study was to establish reference values for growth curves, hematological (23 parameters) and serum biochemical (19 parameters) in the healthy Microminipigs.
All animals were maintained in the same animal unit at 24 ± 3°C and relative humidity at 50 ± 20%, with a 12 hr light/ dark cycle in the breeder. The breeding space was 0.5-1.2 m 2 /an animal. Amount of porcine diet (Marubeni Nisshin Feed Co., Tokyo, Japan) was set to 4-8%, 2-4%, and 1-3% of BW according to one's age, correspond to 1-3, 4-6, and after 7 months, respectively. The diet was composed of >13.0% crude protein, >2.0% crude fat, <8.0% crude fiber, <10.0% crude ash, >1.1% calcium, and >0.9% phosphorus. Tap water was available ad libitum. Animals used in this study were found to be in good health and free of clinical signs of illness. They were not given any treatment and medication other than vaccination thorough the study. All the data were presented as mean ± SD and statistical analysis of the differences was assessed by F-test and Student's t-test or Welch's t-test, and considered significant at P<0.05.
BWs of animals were measured once monthly (0-12 months of age) by the breeder from 2009 to 2010. Animals aged >13 months could not weigh because of shipment. In total, the original dataset contained 324 and 492 BW measurements of 27 males and 41 females, respectively. Growth curves were fitted by Gompertz function, using KaleidaGraph (4.1J demo version) [6] . BWs in males and females at birth were 336 ± 83 g and 385 ± 65 g, respectively, and showed significant gender differences (P<0.01). However, BWs in males and females from 1 to 12 months of age were almost equal and showed no gender differences. The BW in both males and females at 3 and 6 months of age were<5 kg and<10 kg, respectively (Fig. 1) . Growth curve revealed almost plateau (approximately 20 kg) over 18 months of age (Fig. 2) . The fasting blood samples were collected from the cranial vena cava of 125 individual conscious animals (58 males and 67 females) aged 0-34 months. The numbers of males in 0-2, 3-5, 6-8, 9-12, 13-24, and 25-34 months of age were 9, 6, 9, 14, 14, and 6, respectively. The numbers of females in 0-2, 3-5, 6-8, 9-12, 13-24, and 25-34 months of age were 11, 8, 17, 13, 10, and 8, respectively. For measurement of 23 hematological parameters except prothrombin time (PT) and activated partial thromboplastin time (APTT) (Table 1), 1 ml of blood was collected with an anticoagulant, EDTA-2K and then applied to an automatic analyzer (AD-VIA 120, Simens Healthcare Diagnostics Manufacturing Ltd., Dublin, Ireland). For measurement of PT and APTT, 1.5 ml of blood was collected with 150 µl of 3.8 w/v% sodium citrate solution as an anticoagulant. The plasma was obtained by centrifugation (4°C, 1,710×g, 3 ,000 rpm, 15 min) and analyzed in an automatic analyzer (CA-7000, Sysmex Corporation, Kobe, Japan). For measurement of 19 serum biochemical parameters (Table 2) , the serum was obtained by centrifugation (room temperature, 1,710 × g, 3,000 rpm, 15 min) and applied to an automatic analyzer (JCA-BM8, JEOL Co., Ltd., Tokyo, Japan). As shown in Table 1 , major hematological parameters including erythrocyte and leukocyte count showed no gender differences except for the percentage of basophils, lymphocytes and neutrophils. The former 2 were higher in females and the latter 1 was higher in males. As shown in Table 2 , major serum biochemical parameters showed no gender differences. Some biochemical values however, showed significant gender differences. The serum levels of alanine aminotransferase, globulin, and total cholesterol were higher in females, and those of urea nitrogen and sodium were higher in males. The major hematological and biochemical parameters in Microminipigs were similar to those in Göttingen and Yucatan minipig, although alkaline phosphatase and albumin showed higher tendency, and APTT and total bilirubin showed lower tendency [2, 3, 9] . These differences on the hematology and biochemistry between Microminipigs and other minipigs may be related to environmental factors such as diets or genetic factors.
Recent development of minipigs and their physiological and anatomical similarities to humans make minipigs a suitable species for toxicological/pharmacological studies; however, despite continuous efforts from breeders, minipigs
are not yet widely used in life science research and one possible reason is the lack of reference values [14] . In this study, we provided useful reference values of Microminipigs, and thereby it would facilitate the use Microminipigs in various life science researches. 
